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FCFEEMo2 0O, ERFPLEERITORETIE
TICRALEY LT, 8B o 2B 0I5 % Wi EEin
ELTARHIHE Lo RREERNTZRET 52 LA
Hb. INOLRREEMIIEECHEHERO S -7 V0
LM ENTWE, ag—rrorI Bk, 7)Y
v (Gly) &7 I/ BEREOH1/3 43I/8 (TuY)
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5. LT, #2073 BEIE 1 REEDHHE LT
GyXYD#YELIZHY, 3KREZTLICGy PEEL
Pro D% { X X DALEIZ, Hyp #% 1LY DRLEIZHFTE
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Z 07z, BT — ) BRIV CRE S (BB FTIR)
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WA, AL — WA (EHEEA), BRERSy s
(FHEBEEA), FHERROTT 7Y FOEHMEIES
HEA), BMEHEOIT—7 Ok GERAHEEA), £
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Peft), M (HARAT) 20WEBHTR W 0
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LR, BBRBICHVAEHED 25— 7 2134 100 pg
1H, BBk 25 =7 VHERIZH 100 ng, FEEMHE
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i JHP-3S & vy, ST SR 3B IR EE 590C, #r
TRRERD 6 8, 4 — 7 IREE 300C, =— FIVIREE 250C I
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Major amino acid included in calf-skin collagen, pig-skin collagen,

Calfskin collagen®

)

Pig-skin collagenm

Wool (Keratin)'®

Silk (Fibroin)'®

Gly 33.0% Gly 32.8% Cystine 11.6% Gly 43.6%
Pro12.1 Hyp 12.5 Glu11.6 Ala 29.7
Ala11.9 Pro 11.2 Ser 11.4 Ser 16.2
Hyp 9.4 Ala 9.9 Gly 10.1 Tyr 12.8
Glu 8.0 Glu 7.0 Leu & Ile 10.0
Asp 5.3 Arg 4.7 Pro 6.9
Arg 5.0 Asp 4.5 Arg 6.9
Thr 6.25
Asp 5.8
Ala 5.4
Val 4.8
Tig - 13294687
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Fig. 1 Total ion chromatograms (pyrograms) of (a) cow leather belt bit, (b) collagen
from calf-skin, (c) collagen powder from pig-skin, (d) wool fibers, and (e) silk fibers

Peak No. 1-20 shown in chromatograms correspond to the Peak No. 1-20 in Table 2.
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Table 2 Major compounds detected from calf-skin collagen, pig-skin collagen, wool, and silk by pyrolysis-gas chroma-
tography-mass spectrometry

PeakNo.  Compound I;;:z‘/lgiz Mass Sp;f,t - 4/ Origin (Cg;}?fgg; ((3;11;5‘513 f; Wool? Silk?
1° Acetonitrile 1.6 4199, 40 Ala, Pro ++ + ++ ++
2 3-Methylbutanal 2.1 86, 44, 41, 43, 58, 39, Leu - + + +

71
3 Pyrroline 2.2 69, 41 Pro + +
4 Isovaleronitrile 2.6 43, 41, 39, 55, 68, 82 Leu k= + + -
5 Pyrrole 2.7 67,41, 39 Pro + + + + +
6 Toluene 2.9 92, 91, 65, 39 Phe + + ++ *
7 Phenol 5.9 94, 66, 65, 39 Try £ + + +
8 p-Cresol 7.7 108, 107, 77, 39 Tyr + + +
9 Indole 12.0 117, 90, 89, 63 Trp - - + +
10" Gly-Ala” DKP? 17.1 128, 85, 44, 57 GCly-Ala - - - +
11 Diketodipyrrole 18.8 186, 93, 65, 38, 130 Hyp-Hyp + + + -
12,13 Pro-Ala DKP 189 and 19.3 168, 70, 44, 97, 125 Pro-Ala + + + -
14 Pro-Gly DKP 19.6 154, 83, 111, 41, 70, Pro-Gly ++ ++ + -
55,98
15,16 Pro-Val DKP 20.3 and 20.7 196, 70, 154, 41, 125 Pro-Val - - + -
17 Pro-Leu DKP 21.8 70, 154, 41, 86, 43,55,  Pro-Leu - - ++ -
125, 139, 167, 195
18 Pro-Pro DKP 22.0 194, 70, 41, 96 Pro-Pro + + + -
19 Gly-Hyp DKP 24.9 170, 86 Gly-Hyp = + - -
20 Pro-Hyp DKP 25.2 210, 70, 86, 41, 124 Pro-Hyp + + - -

a) Peak No.1-9 detected from total ion chromatogram. b) Peak No.10-19 detected from mass chromatogram in m/z 128, 154, 168,
170, 184, 186, 194, and 210. ¢) Gly: Glycine ; Ala: Alanine ; Pro : Proline ; Val : Valine ; Hyp : Hydroxyproline ; Leu : Leucine ;
Phe : Phenylalanine ; Tyr : Tyrosine ; Trp : Tryptophan. d) DKP: 2,5-Diketopiperazine. e) Masses underlined indicate molecular
ions. f) Values in bold indicate base peak. g) Intensity: + + >+ > % > — (notdetected). h) + + indicates highest peak.

VRTF FHYBOBRTHRERY O+ Y OEBEMIL 7.
(m/z) &, Table 1\ RTAT—F VHICERETHT I/

e 53
D% VHH S 485 (Gly, Pro, 79 =Y (Ala) KO 3 MRLER

Hypl O#AEDE RO THRILREDH > 72 Y
T F FHYBOBSRAERY 2 BZ LTk £
— A% V&, HypHyp RO Y7 ¥R —LVDGFA
* ¥ m/z 186 MU IZ Gly-Ala, Pro-Ala, Pro-Gly, Pro-Pro,
Ala-Hyp, Gly-Hyp [ UF Pro-Hyp IR D & 2,5-3 7 b €%
5V Y (DKP) D5 F A F ¥ m/z 128, 168, 154, 194,
184, 170 RUF 210 TH 5.

2:3 5 &

ARV S OBUNY, FEBEEROT T -7, R
koag—rrBR FEEBMMERCBBMECONT,
Py-GCMS TH#TILE L, 4HEEAN)V b OBUNNT OFED
WELrEPZERE L. ZL T, REOD Py-GCMS Gk s
FERIED Py-GCMS HHHEY £ ORIRIZDOWT HELE L7
72, B sEE08Y (F, K F HrAnv— BE)
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Fig. 2 Mass chromatograms (pyrograms) of (a) cow leather belt bit, (b) collagen from
calf-skin, (c) collagen powder from pig-skin, (d) wool fibers, and (e) silk fibers

Peak No. 10-20 shown in chromatograms correspond to the Peak No. 10-20 in Table 2.

SMEND B, ZOFE TN 5 F %5513 Table 2
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TRFFIER 15 DL S, REFZER R T 2 oHiE
HREETHE LR o7., LELENS, RSN 8%5
AR No.l ~9 OHIER ;& LCHEMIS NG T X 7 BR
(Table 2 ® Origin I27”F) & Table 1IZRT ELMERT
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ERPOSTE TRRREEDER S TH LI T -7 >
DFLRBET I /B Gly X Hyp H k0 255 A B %
B IS SN WRENBD SN, RS IRET
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7z
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Fig. 3 Mass spectra of (a) diketodipyrrole, (b) 2,5-diketopiperazine (DKP) of glycine
and hydroxyproline (Gly-Hyp), and (c¢) DKP of proline and hydroxyproline (Pro-Hyp)

2y REHED 2T — 7 VRO K& MC BT
BPLLIZBRPBON, WThd V7 PP ET—L*R Pro-Gly,
Pro-Hyp, Pro-Pro, Gly-Hyp K& Ui O Pro-Ala HI 3k D %
DKP 2 S iz, TN SHME S M- AR o
L Hyp RO 3G (V7 bYy¥u—Jb, GlyHyp KU
Pro-Hyp H3R D% DKP) 1, I 7 —7 Y OREDIHREY
YOI ek, 2RERDOTAANRY MVE Fig. 312
Y. —H, SEOGHELEE, T=F5—AFvEaT—
FrOERERT I VBROGFA A VICRE LD, F
FEARAE R K RRAE O BB T S FTIE R VAT, Fig. 2 (d)
B (¢) KENEIRT L5 ICEBMED ST Pro-1 A
¥ v (Lew), Pros3Y ¥ (Val), Pro-Pro, =2 ® Pro-Gly
T U Pro-Ala 3k @ & DKP 234 i &, #EMEMED 5 13
Gly-Ala Hi3k® DRP 23 &, St 2 i 5 o<

TF MY OBGRAE RSB CE, S L PR
N NOBNY, FEEROIT—F Y, BKERRXOT T —
A URERE I TE . Table 2ITRTE—S
No.10~20 D&~ A A7 MR ORFEMOIEEFIXZ
NETHEINTELERLVTNLOITFEL 2o
729719 22 B, Pro-Ala (Table 2 D ¥ — 7 No.12 & 13)
F U Pro-Val (Table 2 ¥ —7% No.15 & 16) @ DKP #°%
NEN 2RO -2 L LTHIEENTZA, ZHZEIZ2n
Tix, G. Chiavari 5P L Tw5 X 512 DKP B
LT 2OoDHEER Y AL N VY ADVAAREEL L7z 2
DOBRERPEGREOBICTHE E NIz L EZ bz,
L72%55 T, MHEROBREDTRD b NN 25, AR5HT
DFEFE, FIZ, Hyp HED 8 555 & U Pro-Gly, Pro-Ala,
Pro-Pro ®#% DKP A S NiE, Table 1I1RT IT—
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Major compounds detected from various types of leathers by pyrolysis-gas chromatography-mass spectrometry

Peak No. Compound Cow leather-A”? Cow leather-B”  Pig leather”  Sheep leather” Ii:;gf:;? Ostrich leather”
19 Acetonitrile + + + + + + +
2 3-Methylbutanal + + - + + +
3 Pyrroline + + + + + +
4 Isovaleronitrile + + + + + +
5 Pyrrole o+ ++ + + + + ++ + +
6 Toluene + + + + + +
7 Phenol + - - - — -
8 p-Cresol + + + + + +
9 Indole - + +

Naphthalene ++P + + + + +
10V Gly-Ala DKP - - - - -
11 Diketodipyrrole + + + + + + ++ +
12,18 Pro-Ala” DKP” * * + n + +
14 Pro-Gly DKP + + ++ + + + ++ ++
15,16 Pro-Val DKP - - - — -
17 Pro-Leu DKP - - - - -
18 Pro-Pro DKP + + + + + +
19 Gly-Hyp DKP + + + + + +
20 Pro-Hyp DKP + + + + + + 4+ + + 4+

a) Peak No.1-9 detected from total ion chromatogram.
m/z 128, 154, 168, 170, 186, 184, 186, 194, and 210.
Hydroxyproline. d) DKP: 2,5-Diketopiperazine.

FUOELRTI/BEBBESNLI LR, FOBA,
KRB HERFEEZ DN, EECHEOMD ¥ 37 il
R E BT TH .

3.2 FEDPy-GCMS IC L 2 BEEIYDER KD
R DIt

BRI (FHEA), FERY v 08— (FEB),
RERBAG, FEBPLS, H AN —ERA, BERERN
v 7 OB O ERE OB IOV TRREY R UK
BT X 5 Py-GCMS 53#7 %@ L CTH3 7R & Table 3
R, WFROFETOERB» LB/ ONaT—F >
Bk E R BSBARY (€—2 Nol~20) 3B
BB L ZZREENE LR, RIS DT LMHEI RO
SN, EMMHEOMBICLABEELEIELON -
7o Fl, RHWETER, av-rrebEonic¥s T
VRS SHREBED T T — 7 VAR LB L 7 AR
BEESN. FLTC, rI9F 2 ERGETHADERE,
ADIN, 7Y I VEOMOEBERMETD, EBBHEOSHT
%%tﬁﬁbtﬁ%ﬁ%6h,3?~?V§@ﬁ%ﬁ%
7. LedioT, ¥9F v ERG LT HFRSETHRES
NI EBUNTBREICBV T, ROMEICI ) RREE
BAEHRPTB PO TEEE Z 2 b

b) Naphthalene and Peak No.10-19 detected from mass chromatogram in
c) Gly : Glycine ; Ala : Alanine ; Pro :
e) Intensity : + + >+ > = > — (not detected).

Proline ; Val : Valine ; Hyp :
h) + + indicates highest peak.

3:3 FAMEICLZREABOLES

IHETHE SN TV S Pr-GOMS 12 X 5 RIREER
REOSHFER 100 g THDOATHE DY, 21T, FRD
N BEHMEDSHIEH20~50pg THAHb R Tw
W 22T, AEBRTRE T 200 ug ORAMER
BEWHVEY, ZhzEICEFICH) H o TH 100 pg D
REE 2 OWMEL, LT, EIL, 201 0%F528D
o TH 50 ug DR Z AT 5 L Vo2 EERYEL
1T T, REREEREHY 100, 50, 25, 125 ug ZHRBE L7
FnoEB e ARGTEICHEA L 25, #25ug TR
a5 —F YORECLERY T YT = LR DKP HE
SRR L L TRIT & 7285, #9125 pg BT,
FNOBSHRERY ERETE ZHE R AARY MU
Bonhhor LEWoT, AOWEIZEERERN
25 ug Pl EHNMEEERBORENTREL E R b,

4 W =

AR TG L7z Py-GOMS 1 & A RIREEEBUNY 7 5
B SN2 YV RTF FHLSOBSHERY (V7 bY¥D
— V% DKP) O4#rikiE, #ABEN 2B ug Ul EdhixT
IVBOELRMRRL YNRTF FHAEORF OARDPHE S
n, ZLUTRAREOREARZEEWHE LTHypH
ROV RTF FPHEOBGHRERDSRETE S, T,
KETHH T2 RAREENSHR L2V RTF FHEOZ
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Identification of Small Bits of Natural Leather by
Pyrolysis Gas Chromatography/Mass Spectrometry

Shoji KuraTa' and Keiko ICHIKAWA'

' Criminal Investigation Laboratory, Metropolitan Police Department, 2-1-1, Kasumigaseki, Chiyoda-ku, Tokyo
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The analysis of diketodipyrrole and 2,5-diketopiperazines, detected as pyrolysis products from
collagen, which is a main component of natural leathers, by pyrolysis gas chromatography-mass
spectrometry (Py-GCMS), was examined for the development of a forensic identification method
of small bits of the natural leathers used in this study. Natural leather samples (very small
pieces) from the five kinds of animals, such as cow, pig, sheep, kangaroo, and ostrich, collagen
from calf-skin, collagen powder from pig-skin, wool fibers, and silk fibers were used as samples.
The results of Py-GCMS analysis showed that natural leather samples from five kinds of animals
were composed of collagen, which was distinguished from the other protein fibers, such as a
wool fiber and a silk fiber. The discrimination of the leather samples from five kinds of animals
was difficult.  However, if a leather samples with a weight of more than approximately 25 g
existed as a sample, the Py-GCMS analysis examined in this study could detect a diketodipyrrole
and 2,5-diketopiperazines corresponding to dipeptides, which were composed of major amino
acids, such as glycine (Gly), proline (Pro), alanine (Ala), and hydroxyproline (Hyp) from colla-
gen. Accordingly, the analytical method by Py-GCMS shown in this study can be newly applied
to the forensic identification of small samples of natural leathers.

Keywords : Py-GCMS ; collagen ; leather ; diketopiperazine ; identification.
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